1. Introduction {#sec1}
===============

Endothelial cells that form the inner lining of all blood vessels play an import role in various aspects of vascular biology, including blood clotting, barrier function, vasoconstriction, and vasodilation \[[@B1]\]. Endothelial cell dysfunction and/or apoptosis has been considered as one of the most critical events in several diseases, including diabetes mellitus \[[@B2], [@B3]\], atherosclerosis \[[@B4], [@B5]\], and thrombosis \[[@B6], [@B7]\]. Therefore, agents that protect the endothelial cell from dysfunction and/or apoptosis are thought to reduce the incidence of cardiovascular disease.

Methylglyoxal (MGO) is a highly reactive dicarbonyl metabolite generated endogenously from the nonenzymatic degradation of the glycolytic intermediates, glyceraldehyde-3-phosphate and dihydroxyacetone phosphate \[[@B8]\]. Under physiological conditions, MGO is reduced to D-lactate by glyoxalase I, which prevents MGO accumulation \[[@B9]\]. However, in diabetes, the production of MGO is increased due to reduced glyoxalase I activity, resulting to MGO accumulation \[[@B10], [@B11]\]. MGO reacts with arginine or lysine residues of proteins, leading to the formation of advanced glycation end products (AGEs) and the subsequent activation of the receptor of AGEs (RAGE), which then initiates the vascular complications of diabetes \[[@B12], [@B13]\]. However, MGO can also directly impair cell functions independent of the AGE-RAGE pathway. Several reports have shown that MGO can induce endothelial cell apoptosis \[[@B14]--[@B17]\], mainly through reactive oxygen species (ROS) generation \[[@B14]--[@B17]\] and mitochondrial membrane potential (MMP) impairment \[[@B15], [@B17], [@B18]\], although the molecular mechanism underlying this process is not yet fully understood.

Polydatin (PD) (3,4′,5-trihydroxystibene-3-*β*-mono-D-glucoside) ([Figure 1](#fig1){ref-type="fig"}) is one of the major active compounds originally extracted from the root and rhizome of *Polygonum cuspidatum* Sieb.et Zucc, a traditional Chinese herbal medicine. It is also detected in red wine, grape hop cones, peanuts, cocoa-containing products, and many daily diets \[[@B19]\]. Previous studies have indicated that PD has a number of biological activities, such as protective effects against shock \[[@B20]--[@B22]\] and ischemia/reperfusion damage \[[@B23], [@B24]\], inhibiting platelet aggregation \[[@B25]\], reducing lipid peroxidation \[[@B26]\], and so on. It has also been demonstrated that PD acts as an antioxidant agent \[[@B24], [@B27]\] or a mitochondria protector \[[@B21], [@B22]\] to prevent severe disease. However, the effects of PD on MGO-induced endothelial cell apoptosis have not been reported.

Therefore, the present study aimed to observe the effects of PD on MGO-induced endothelial cell apoptosis. We hypothesized that PD prevents MGO-induced human umbilical vein endothelial cell (HUVEC) apoptosis through reducing oxidative stress and inhibiting mitochondrial dysfunction.

2. Materials and Methods {#sec2}
========================

2.1. Chemicals and Reagents {#sec2.1}
---------------------------

PD was from Chengdu Push Bio-Technology (Chengdu, Sichuan, China). PD was dissolved in dimethyl sulfoxide (DMSO) at a stock solution of 10 mM and directly diluted in medium to appropriate concentrations prior to the experiments. MGO was from Sigma (St. Louis, MO, USA). Primary human umbilical vein endothelial cells (HUVECs) and Medium 200 were from Cascade Biologics (Portland, OR, USA). Terminal deoxynucleotidyl transferase dUTP nick end labeling (TUNEL) kits, total superoxide dismutase (SOD) assay kits, catalase (CAT) assay kits, glutathione peroxidase (GSH-Px) assay kits, 2′,7′-dichlorofluorescein diacetate (DCFH-DA), and 5,5′,6,6′-tetrachloro-1,1′,3,3′-tetraethylbenzimidazolcarbocyanine iodide (JC-1) were from Beyotime Biotechnology (Shanghai, China). Annexin V-fluorescein isothiocyanate (FITC)/propidium iodide (PI) apoptosis detection kits were from BD Biosciences (San Diego, CA, USA). Antibodies to phosphorylated Akt, total Akt, Bax, Bcl-2, cleaved caspase-3, and GAPDH were from Cell Signaling Technology (Beverly, MA, USA). N-acetyl cysteine (NAC), Akt inhibitor, and LY294002 (LY) were from Beyotime Biotechnology. Cyclosporin A (CsA) was from Gene Operation (Ann Arbor, Michigan, USA). All other chemicals and reagents were from Sigma unless otherwise indicated.

2.2. Cell Culture {#sec2.2}
-----------------

HUVECs were grown in Medium 200 containing low-serum growth supplement (LSGS). Cells used were passaged 3--7 times.

2.3. Apoptosis Assay {#sec2.3}
--------------------

HUVECs were pretreated with PD (0, 25, 50, and 100 *μ*M) for 2 h, followed by stimulation with MGO (200 *μ*M). In some experiments, HUVECs were pretreated with NAC (10 mM), CsA (1 *μ*M), LY (50 *μ*M), or vehicle control for 2 h before MGO (200 *μ*M) treatment. After 24 h incubation at 37°C in a humidified chamber with 5% CO~2~, cells were trypsinized, resuspended in calcium-enriched buffer, stained with Annexin V-FITC and PI for 15 min, and then analyzed by flow cytometry (Guava easyCyte 8HT, Millipore, Boston, MA, USA). Data were calculated with the cell Quest Software. Cell apoptosis was also determined with a TUNEL kit according to the manufacturer\'s instructions, and all of the nuclei were stained blue with 4′,6-diamino-2-phenylindole (DAPI). The numbers of TUNEL-positive HUVECs and total cells were counted, and apoptosis was evaluated by the ratio of positively stained cells to the total number of HUVECs.

2.4. Measurement of Intracellular ROS {#sec2.4}
-------------------------------------

HUVECs were pretreated with PD (0, 25, 50, and 100 *μ*M) for 2 h, followed by stimulation with MGO (200 *μ*M) for 1 h. Then cells were washed with Medium 200 and subsequently incubated with DCFH-DA (10 *μ*M) for 30 min at 37°C. After incubation, the fluorescence of the cells was measured using a Spectra Max M5 microplate reader (Molecular Devices, Sunnyvale, CA, USA) (485/530 nm). The fluorescence images were also captured with an EVOS inverted microscope (AMG, Mill Creek, WA, USA).

2.5. Measurement of Intracellular SOD, CAT, and GSH-Px Level {#sec2.5}
------------------------------------------------------------

HUVECs were plated on 6 cm wells and grown to confluence. Then cells were exposed to serum-free medium for 12 h and treated with PD (0, 25, 50, and 100 *μ*M) for 2 h, followed by stimulation with MGO (200 *μ*M) for 1 h. Cell lysates were prepared and the protein concentrations were determined using a BCA protein assay. Then level of SOD, CAT, and GSH-Px was measured by the respective kits according to the manufacturer\'s introductions.

2.6. Measurement of MMP {#sec2.6}
-----------------------

JC-1 staining was used to determine MMP as described. HUVECs were pretreated with PD (0, 25, 50, and 100 *μ*M) for 2 h, followed by stimulation with MGO (200 *μ*M) for 1 h. Then cells were incubated with JC-1 (10 *μ*g/mL) for 20 min at 37°C and washed with PBS for 3 times. The fluorescence intensity of JC-1 monomers (490/530 nm) and JC-1 aggregates (525/590 nm) was measured using a Spectra Max M5 microplate reader. The ratio of monomeric to aggregated JC-1 fluorescence intensity was calculated to evaluate changes in MMP. The fluorescence images of JC-1 monomers and JC-1 aggregates were also monitored with an EVOS inverted microscope.

2.7. Morphological Observation of Mitochondria {#sec2.7}
----------------------------------------------

The morphological changes of HUVEC mitochondria were observed with transmission electron microscopy (TEM). HUVECs were fixed with 2.5% glutaraldehyde, stained with cacodylate-buffered osmium tetroxide, and embedded in epoxy resin. Sections were prepared and examined using an electron microscope (Philips CM10, Philips, Eindhoven, Netherlands).

2.8. Immunoblotting {#sec2.8}
-------------------

HUVECs (3 × 10^5^/well) were plated on 3.5 cm wells and grown to confluence. Then cells were exposed to serum-free medium for 12 h and treated with PD (0, 25, 50, and 100 *μ*M) for 2 h, followed by stimulation with MGO (200 *μ*M) for 1 h. Cell lysates were prepared as described. Protein samples were separated by SDS-PAGE and transferred onto polyvinylidene fluoride (PVDF) membranes (Bio-Rad Laboratories, Hercules, CA, USA). The membranes were blocked with 5% nonfat dry milk solution for 1 h at room temperature. The blocked membranes were probed with antibodies against Bax (1 : 1000), Bcl-2 (1 : 1000), cleaved casepase-3 (1 : 500), phosphorylated Akt (1 : 1000), total Akt (1 : 1000), and GAPDH (1 : 1000) overnight at 4°C. After washing with phosphate-buffered saline containing 0.05% Tween 20, the membranes were incubated with a horseradish peroxidase-conjugated secondary antibody (Santa Cruz Biotechnology) specific to the primary antibody. After further washes, membranes were treated with enhanced chemiluminescence reagents (Merck Millipore, Watford, UK) and protein signal was imaged using ChemiDoc XRS (Bio-Rad Laboratories). ImageJ was used to measure the density of bands.

2.9. Data Analysis {#sec2.9}
------------------

All data were expressed as mean ± standard deviation (SD) of the mean. Results were analyzed by one-way analysis of variance (ANOVA) followed by post hoc comparison. *P* \< 0.05 was considered to be significantly different.

3. Results {#sec3}
==========

3.1. PD Prevents MGO-Induced HUVEC Apoptosis {#sec3.1}
--------------------------------------------

Previous studies have reported that MGO can induce apoptosis in human vascular cells \[[@B14]--[@B17]\]. In order to investigate the protective effects of PD on MGO-induced endothelial cell apoptosis, HUVECs were pretreated with PD (0, 25, 50, and 100 *μ*M) for 2 h, followed by stimulation with MGO (200 *μ*M) for 24 h. Apoptotic cells were detected by flow cytometry based on Annexin V-FITC/PI double staining. MGO significantly increased the number of apoptotic cells compared to vehicle control, and the enhanced apoptosis were significantly inhibited by PD at 50 and 100 *μ*M ([Figure 2(a)](#fig2){ref-type="fig"}). TUNEL staining also showed similar results (in Supplementary Figure 1 available online at <https://doi.org/10.1155/2017/7180943>).

The activation of caspase-3, hallmark apoptotic execution enzymes, and the expression of proapoptotic protein, Bax, antiapoptotic protein, and Bcl-2 were also examined by Western blotting. The data showed that the expression of cleaved caspase-3 and the ratio of Bax/Bcl-2 significantly increased with MGO stimulation but decreased by PD pretreatment ([Figure 2(b)](#fig2){ref-type="fig"}). Taken together, these results indicate that PD prevents MGO-induced HUVEC apoptosis.

3.2. PD Decreases MGO-Induced Oxidative Stress {#sec3.2}
----------------------------------------------

Overproduction of ROS may play an important role in MGO-induced cell apoptosis \[[@B14]--[@B17]\]. To determine the effects of PD on intracellular ROS generation, HUVECs were treated with PD (0, 25, 50, and 100 *μ*M) for 2 h and then exposed to MGO for 1 h. Intracellular ROS was significantly increased in cells exposed to MGO. And treatment with PD suppressed ROS production in these cells ([Figure 3(a)](#fig3){ref-type="fig"}). Similar results were also shown in fluorescence images (Supplementary Figure 2). The activity of the antioxidant enzymes, such as SOD, CAT, and GSH-Px was also measured. The data showed that the SOD, CAT, and GSH-Px level significantly decreased by MGO stimulation but restored with PD pretreatment (Figures [3(b)](#fig3){ref-type="fig"}, [3(c)](#fig3){ref-type="fig"}, and [3(d)](#fig3){ref-type="fig"}). These results suggest that PD prevents MGO-induced oxidative stress.

To further examine the effects of antioxidant on MGO-induced cell apoptosis, HUVECs were pretreated with NAC (10 mM) for 2 h, followed by stimulation with MGO for 24 h. The results demonstrated that NAC significantly inhibited MGO-induced apoptosis of HUVECs ([Figure 4(a)](#fig4){ref-type="fig"} and Supplementary Figure 5(a)). As a whole, these results indicate that PD decreases MGO-induced oxidative stress and the inhibition of oxidative stress is involved in the antiapoptotic effects of PD.

3.3. PD Prevents MGO-Induced Mitochondrial Damage {#sec3.3}
-------------------------------------------------

Mitochondrial dysfunction has been shown to contribute to the induction of apoptosis. Previous reports have shown that MGO induced the opening of the permeability transition pore (PTP) and significantly decreased the MMP \[[@B15], [@B17], [@B18]\]. To explore the effects of PD on MMP, HUVECs were treated with PD (0, 25, 50, and 100 *μ*M) for 2 h and then exposed to MGO for 1 h. MMP was assessed with JC-1 staining. Compared with the control group, MGO significantly decreased the MMP, indicating that the MMP was depolarized ([Figure 5(a)](#fig5){ref-type="fig"}). Pretreatment with PD prevented the loss in MMP ([Figure 5(a)](#fig5){ref-type="fig"}), which was further supported by the fluorescence images (Supplementary Figure 3). Mitochondrial morphology was also examined using TEM. Cells in control group showed normal mitochondria with preserved membranes and cristae. In contrast, mitochondria appeared swollen and irregularly shaped with disrupted and poorly defined cristae with MGO stimulation. However, PD pretreatment protected the mitochondrial morphological alterations ([Figure 5(b)](#fig5){ref-type="fig"}). These data indicate that PD prevents MGO-induced mitochondrial damage.

To identify whether the inhibition of mitochondrial dysfunction was involved in the antiapoptotic effects of PD, HUVECs were pretreated with CsA (an inhibitor of PTP opening) before MGO treatment. MGO-induced cell apoptosis was restored by CsA ([Figure 4(a)](#fig4){ref-type="fig"} and Supplementary Figure 5(a)). These results indicate that the protective effects of PD on cell apoptosis are associated with an inhibition of mitochondrial dysfunction.

3.4. PD Prevents MGO-Induced Akt Dephosphorylation {#sec3.4}
--------------------------------------------------

MGO-induced decrease of Akt phosphorylation has been reported in association with cell apoptosis \[[@B17], [@B28]\]. Our findings displayed that MGO reduced the phosphorylation as early as in 30 min and the phosphorylation of Akt declined to the nadir in 60 min (Supplementary Figure 4). To explore the effects of PD on Akt phosphorylation, HUVECs were pretreated with PD (0, 25, 50, and 100 *μ*M) for 2 h, followed by stimulation with MGO (200 *μ*M) for 1 h. Pretreatment with PD significantly inhibited MGO-induced Akt phosphorylation reduction ([Figure 6](#fig6){ref-type="fig"}). To further identify the effects of blockade of Akt on antiapoptotic effects of PD, HUVECs were pretreated with PD (100 *μ*M), PD (100 *μ*M) + LY (50 *μ*M) (Akt pathway inhibitor), or vehicle control for 2 h, followed by stimulation with MGO (200 *μ*M) for 24 h. LY significantly inhibited the protective effects of PD on MGO-induced apoptosis ([Figure 4(b)](#fig4){ref-type="fig"} and Supplementary Figure 5(b)). Taken together, these results indicate that the protective effects of PD against MGO-induced cell apoptosis are partly through re-acting Akt pathway.

4. Discussion {#sec4}
=============

It is well known that the concentration of MGO is significantly increased in the plasma of diabetic patients \[[@B10]\] and in vascular endothelial cells exposed to high-glucose media \[[@B29]\]. The abnormal accumulation of MGO has been implicated in causing dysfunction in various tissues and organs \[[@B30]\]. In the present study, we investigated the effects of PD on MGO-induced HUVEC apoptosis *in vitro* and the possible mechanism involved. Our findings suggest that PD prevents MGO-induced HUVEC apoptosis through decreasing oxidative stress, inhibiting mitochondrial damage, and preserving Akt phosphorylation.

MGO has been shown to induce apoptosis in several cell types \[[@B15]--[@B17], [@B31]--[@B33]\], including endothelial cells. Annexin V-FITC/PI double staining and TUNEL assay in our study also clearly showed that MGO (200 *μ*M) treatment for 24 h significantly increased HUVEC apoptosis and that PD prevented this injury in a dose-dependent manner. In agreement with these observations, pretreatment with PD prevented the activation of caspase-3 and the increase in Bax/Bcl-2 ratio, thus confirming the cytoprotective properties of PD against MGO-induced apoptosis. These results were consistent with previous studies which demonstrated that PD prevented cell apoptosis against burn \[[@B34]\], shock \[[@B35]\], and ischemia/reperfusion injury \[[@B24], [@B36]\].

Previous studies \[[@B14]--[@B17]\] and our present data showed that oxidative stress significantly increased in endothelial cells in response to MGO treatment. There are several ways by which MGO could increase intracellular ROS. These include generation of superoxide anion and hydrogen peroxide during MGO-induced glycation reaction, consumption of the glutathione content during MGO metabolism, and inactivation of enzymes which can scavenge ROS such as SOD, GSH-Px, and glutathione transferases \[[@B37]--[@B39]\]. The present results clearly showed that pretreatment with PD significantly inhibited MGO-induced ROS generation and increased SOD, CAT, and GSH-Px activity in HUVECs. Previous studies demonstrated that ROS production from vessel tissue is a main course leading to endothelial cell injury and as an important upstream signal molecule in MGO-induced apoptosis \[[@B14]--[@B17]\]. Consistent with these results, our data also showed that preincubated with antioxidant NAC significantly inhibited MGO-induced apoptosis. Thus, present findings strongly support the hypothesis that PD inhibits MGO-induced apoptotic biochemical changes by blocking ROS formation.

It was previously reported that MGO-induced apoptosis in endothelial cells is also associated with mitochondrial dysfunction. Consistent with previous reports \[[@B15], [@B17], [@B18]\], we confirmed in the present study that MGO significantly decreased MMP and altered mitochondrial morphology. Our results also indicated that treatment with PD dose-dependently inhibited the loss in MMP and mitochondrial morphology changes. These results are in agreement with previous reports showing PD as a new mitochondria protector against sepsis \[[@B40]\], shock \[[@B20], [@B21], [@B35], [@B41]\], and ischemia/reperfusion injury \[[@B23], [@B42]\]. Previous studies have demonstrated that mitochondrial PTP opening is regulated by the activities of Bcl-2 family proteins, including proapoptotic and antiapoptotic proteins, for initiating apoptosis \[[@B43]\]. It is well established that an increase in Bax/Bcl-2 ratio is sufficient to induce mitochondrial PTP opening and to promote cell apoptosis by activating mitochondrial apoptotic signaling pathway \[[@B15], [@B43]\]. These reports were consistent with our experiments involving the activation of caspase-3 and the increase in Bax/Bcl-2 ratio. Taken together, the results in the present study indicate that the mechanism under protective effects of PD on mitochondria function may be associated with inhibition of mitochondrial PTP opening. Moreover, our experiments involving the inhibitor of PTP opening demonstrated that CsA inhibited MGO-induced apoptosis. Previous studies \[[@B15], [@B17], [@B18]\] have also showed that prevention of MMP collapse attenuates MGO-induced cell apoptosis. Therefore, these results suggest that PD prevents MGO-induced apoptosis through protective effects on mitochondrial function.

Akt is a critical component in the phosphatidylinositol 3-kinase (PI3K) pathway that plays a pivotal role in regulating survival and apoptosis of endothelial cells \[[@B44]\]. The antiapoptotic effects of Akt may be associated with regulating the expression of various proteins that are involved in cell death pathways, including Bad, Forkhead, MDM2, and NF-*κ*B \[[@B45]\]. The inhibition of Akt phosphorylation has been reported involving in MGO-induced cell apoptosis \[[@B17], [@B28]\]. Consistent with previous studies, our data also showed that MGO significantly decreased phosphorylation of Akt, while pretreatment with PD dose-dependently increased the activation of Akt and inhibited MGO-induced apoptosis. In agreement with our results, previous reports have indicated that PD exhibited protective effects against high-fat diet-induced liver damage and ischemia/reperfusion-induced renal injury through upregulating the phosphorylation of Akt \[[@B36], [@B46]\]. In the present study, the results also demonstrated that LY294002, the PI3K/Akt pathway inhibitor, significantly inhibited the protective effects of PD on cell apoptosis. These results indicate that the upregulation of Akt phosphorylation may be associated with antiapoptotic effects of PD.

It has been suggested that MGO plays an important role in vascular damage to endothelial cells and in the development of vascular disease. Thus, the ability of PD to prevent MGO-induced oxidative stress and apoptosis in endothelial cells may be protective against development of diabetic complications. Although, few experiments have attempted to uncover the direct target of PD in the present study and previous reports and further investigations are needed to better explore the therapeutic potential of PD.

5. Conclusions {#sec5}
==============

In this study, we firstly demonstrated that PD exerts protective effects against MGO-induced apoptosis in HUVECs *in vitro*. Our results also suggest that PD prevents MGO-induced apoptosis, at least in part, via inhibiting oxidative stress, maintaining mitochondrial function, and activating Akt pathway. These novel findings indicate the potential application of PD for prevention and treatment of diabetic vascular complications in the clinical practice.

Supplementary Material {#supplementary-material-sec}
======================

###### 

Supplementary figure 1: PD prevents MGO-induced HUVEC apoptosis.HUVECs were pretreated with PD (0, 25, 50 and 100 µM) for 2 h, followed by stimulation with MGO (200 µM). After 24 h, cell apoptosis was examined by TUNEL assay. Representative images of cell apoptosis are shown. Distance bars, 100 µm. Positive cells were counted and quantitative assessment of quadruplicate cell apoptosis experiments was performed. Data shown are mean ± SD and are expressed as fold changes. ∗∗P \< 0.01 versus Con, \# \# P \< 0.01 versus MGO. Supplementary figure 2: PD inhibits MGO-induced ROS generation. HUVECs were pretreated with PD (0, 25, 50 and 100 µM) for 2 h, followed by stimulation with MGO (200 µM) for 1 h. Then cells were stained with DCFH-DA. The fluorescence (488/525 nm) was monitored by a fluorescence microscope and representative images of three independent experiments were shown. Distance bar, 100 µm. Supplementary figure 3: PD prevents MGO-induced alterations in MMP. HUVECs were pretreated with PD (0, 25, 50 and 100 µM) for 2 h, followed by stimulation with MGO (200 µM) for 1 h. Then MMP was assessed by JC-1 probe. The fluorescence of JC-1 monomers (Green) (490/530 nm) and JC-1 aggregates (Red) (525/590 nm) was measured using a fluorescence microscope. Representative images of three independent experiments were shown. Distance bars, 100 µm. Supplementary figure 4: MGO time-dependently decreases phosphorylation of Akt. HUVECs were exposed to MGO (200 µM) for 0, 15, 30, 60, 120 and 240 min, as indicated. Cell lysates were prepared and subjected to western blotting, to detect the phosphorylation (p) of Akt and total Akt. Representative images of three experiments and densitometric analysis of phosphorylated Akt normalized to total Akt are shown. Data are presented as mean ± SD for triplicate experiments and expressed as fold changes. \#P \< 0.05 versus Con, \#\#P \< 0.01 versus Con. Supplementary figure 5: The effects of NAC, CsA and LY on MGO-induced HUVEC apoptosis. (a) HUVECs were pretreated with NAC (10 mM), CsA (1 µM), or vehicle control for 2 h, followed by stimulation with MGO (200 µM) for 24 h. (b) HUVECs were pretreated with PD (100 µM), PD (100 µM) + LY (50 µM), or vehicle control for 2 h, followed by stimulation with MGO (200 µM) for 24 h. Then cell apoptosis was examined by TUNEL assay. Representative images of cell apoptosis are shown. Distance bars, 100 µm. Positive cells were counted and quantitative assessment of quadruplicate cell apoptosis experiments was performed. Data shown are mean ± SD and are expressed as fold changes. \#\#P \< 0.01 versus Con, \#\#P \< 0.01 versus MGO, &&P \< 0.01 versus PD.
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![Chemical structure of PD.](OMCL2017-7180943.001){#fig1}

![PD prevents MGO-induced HUVEC apoptosis. HUVECs were pretreated with PD for 2 h, followed by stimulation with MGO (200 *μ*M) for 24 h. (a) Cells were trypsinized and stained with Annexin V-FITC and PI for 15 min. Then apoptosis was analyzed by flow cytometry. Representative images of cell population distribution are shown, and quantitative assessment of 3 independent cell apoptosis experiments was performed. Data shown are mean ± SD and are expressed as fold changes. ^∗∗^*P* \< 0.01 versus Con; ^\#\#^*P* \< 0.01 versus MGO. (b) Expression of cleaved caspase-3, Bax, and Bcl-2 was analyzed by Western blotting. Representative images of 3 independent experiments and densitometric analysis of the levels of cleaved caspase-3 normalized to GAPDH and Bax normalized to Bcl-2 are shown. Data shown are mean ± SD and are presented as fold changes. ^∗∗^*P* \< 0.01 versus Con; ^\#\#^*P* \< 0.01 versus MGO.](OMCL2017-7180943.002){#fig2}

![PD decreases MGO-induced oxidative stress. HUVECs were pretreated with PD for 2 h, followed by stimulation with MGO (200 *μ*M) for 1 h. (a) Cells were stained with DCFH-DA, and the fluorescence intensity was measured at 488/525 nm using a microplate reader. Data shown are mean ± SD of 3 independent experiments and are presented as % of control (first bar). ^∗∗^*P* \< 0.01 versus Con; ^\#^*P* \< 0.05 versus MGO; ^\#\#^*P* \< 0.01 versus MGO. (b, c, d) The level of SOD, CAT, and GSH-Px was measured by the respective kits according to the manufacturer\'s introductions. Data shown are mean ± SD of 4 independent experiments. ^∗∗^*P* \< 0.01 versus Con; ^\#^*P* \< 0.05 versus MGO; ^\#\#^*P* \< 0.01 versus MGO.](OMCL2017-7180943.003){#fig3}

![The effects of NAC, CsA, and LY on MGO-induced HUVEC apoptosis. (a) HUVECs were pretreated with NAC (10 mM), CsA (1 *μ*M), or vehicle control for 2 h, followed by stimulation with MGO (200 *μ*M) for 24 h. (b) HUVECs were pretreated with PD (100 *μ*M), PD (100 *μ*M) + LY (50 *μ*M), or vehicle control for 2 h, followed by stimulation with MGO (200 *μ*M) for 24 h. Then cell apoptosis was analyzed by flow cytometry based on Annexin V-FITC/PI double staining. Representative images of cell population distribution are shown, and quantitative assessment of 3 independent experiments was performed. Data shown are mean ± SD and are expressed as fold changes. ^∗∗^*P* \< 0.01 versus Con; ^\#\#^*P* \< 0.01 versus MGO; ^&&^*P* \< 0.01 versus MGO + PD.](OMCL2017-7180943.004){#fig4}

![PD inhibits MGO-induced alterations in Akt phosphorylation. HUVECs were pretreated with PD for 2 h, followed by stimulation with MGO (200 *μ*M) for 1 h. Cell lysates were prepared and subjected to Western blotting, to detect the phosphorylation (p) of Akt and total Akt. Representative images of three experiments and densitometric analysis of phosphorylated Akt normalized to total Akt are shown. Data are presented as mean ± SD for 3 independent experiments and are expressed as fold changes. ^∗∗^*P* \< 0.01 versus Con; ^\#\#^*P* \< 0.01 versus MGO.](OMCL2017-7180943.005){#fig5}

![PD prevents MGO-induced mitochondrial damage. HUVECs were pretreated with PD for 2 h, followed by stimulation with MGO (200 *μ*M) for 1 h. (a) The MMP was assessed by JC-1 probe. The fluorescence intensity of JC-1 monomers (490/530 nm) and JC-1 aggregates (525/590 nm) was measured using a microplate reader. The ratio of JC-1 aggregates/JC-1 monomers was calculated. Data shown are mean ± SD for 3 independent experiments and are presented as % of control (first bar). ^∗∗^*P* \< 0.01 versus Con; ^\#\#^*P* \< 0.01 versus MGO. (b) Ultrastructural alterations of mitochondria were detected by TEM. Representative images of 3 independent experiments are shown. Distance bars: 250 nm.](OMCL2017-7180943.006){#fig6}
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